1. Introduction {#sec0005}
===============

Home caregivers suffer from low back injuries at high rates \[[@ref001]\]. Many of these back injuries are likely the result of patient handling tasks. These tasks often require caregivers to adopt awkward postures while supporting heavy loads (during activities such as bathing and toileting) \[[@ref003]\]. More than eight million Canadians provide care to individuals at home for chronic health conditions, disability or age-related needs \[[@ref007]\]. The aging population \[[@ref008]\], as well as the trend of shifting patient care from hospitals to home, will continue to increase the burden on home caregivers \[[@ref009]\]. The majority of care at home is provided by unpaid caregivers, while only supplementary assistance is provided by paid home support workers \[[@ref010]\].

Caregiver injuries result in large economic costs, as well as personal costs to those who suffer from the resulting pain \[[@ref011]\]. Rates of musculoskeletal disorders among U.S. healthcare workers are much higher than the rate for the average worker \[[@ref012]\]. Healthcare workers are injured more than workers in many industries that are traditionally considered high risk such as construction, or maintenance and repair \[[@ref012]\]. Over the past 10 years in Ontario, the low back has consistently been the most frequently injured body part among occupations related to support of health services \[[@ref013]\].

In keeping with the recent trend in ergonomics, efforts to "fit the task to the worker" \[[@ref014]\] have seen reductions in injury risk resulting from the widespread introduction of patient lifting devices in hospitals and nursing homes \[[@ref015]\]. However, community-based caregivers do not typically have access to mechanical lift devices \[[@ref019]\]. They also commonly work alone \[[@ref020]\], in cramped and cluttered spaces \[[@ref021]\], with limited training \[[@ref028]\]. These workers are routinely asked to perform tasks that would not be allowed in hospitals or nursing homes, where existing policies make manual patient handling impermissible. Instead, all patient handling in institutional care requires the use of a mechanical lift device operated by two care providers \[[@ref029]\].

In contrast, caregivers in the home routinely perform tasks such as patient lifting, repositioning, bathing and toileting, which require manually supporting heavy loads in awkward postures \[[@ref005]\]. Interventions that reduce exposure to these heavy care tasks result in caregivers reporting less pain \[[@ref032]\].

Studies have reported that the burden of low back pain (LBP) is higher than for any other disability \[[@ref033]\]. Back pain can be predicted by factors including the magnitude and frequency of trunk flexion, time spent in a forward flexed trunk or non-neutral postures, and trunk movements with high angular velocity \[[@ref035]\]. In particular, it has been shown that repetitive end-range lumbar spine flexion leads to disc damage \[[@ref032]\]. For instance, *in vitro* studies using porcine vertebrae have shown that end-range spine flexion can increase the risk of injury because the flexed spine segments are weaker than neutral spine segments \[[@ref042]\].

The majority of efforts to reduce the risk of back injury among caregivers over the past decades have been focused on "fitting tasks to the worker" by redesigning tasks as is the trend in the field \[[@ref014]\]. However, many caregiving activities in the home environment, such as bathing and toileting patients, have not been restructured. Therefore, we believe there is an urgent need to make the most of any other strategies that may be available for preventing home caregiver injuries. In his review paper, McGill (2009) notes the field of ergonomics has focused on "fitting the task to the work" in the last few decades which has had a positive effect on injury rates \[[@ref043]\]. He argues it is now time for the ergonomics community to turn its focus back to "fitting the worker to the task" because there is likely much unrealized benefit to be exploited. This is particularly relevant to homecare workers where both the care tasks and the work environment are difficult to change.

In particular, McGill advocates for retraining movement patterns and suggests a number of movement-based back injury prevention strategies \[[@ref043]\]. He points out that it is particularly important to train individuals to avoid postures where the spine is flexed to reduce the risk of low back injury. Instead, workers should be trained to bend using a "hip hinge", which allows the individual to maintain the natural curve in the lower back (lumbar lordosis). Indeed, a posture assessment study of home health care workers found elevated musculoskeletal injury risks in those workers who stood with their trunk bent forward, likely with the spine flexed near the end of its range \[[@ref031]\].

1.1. Traditional back safety training {#sec0010}
-------------------------------------

Conventional training sessions provided to caregivers are typically didactic lecture-based presentations that may be supplemented with a short practice session \[[@ref044]\]. These training sessions typically include discussion of directives like "lift with your legs, not with you back" in an attempt to train workers to avoid spine flexion \[[@ref046]\]. However, this type of training has been found to be ineffective at reducing the risk of injury \[[@ref047]\]. Perhaps these results should come as no surprise considering the shocking lack of evidence supporting how the actual training methods that are deployed. This lack of evidence represents a massive opportunity to reduce the risk of injury considering how widespread use of this type of training is across industries. For instance, Beach et al. (2018) showed that simply changing a directive to "lift without rounding your lower back" had a greater effect on reducing spine flexion than when participants were directed to "lift with your legs instead of your back" or "bend your knees and hips" \[[@ref046]\]. Similarly, there has been little work to determine if predominantly didactic (lecture style) methods are appropriate for training skills that require motor learning \[[@ref053]\].

A further problem with existing training methods is that it can be difficult to provide training that reflects the nature of the challenges caregivers face in the home. Care tasks can vary dramatically depending on the particular client and the environment \[[@ref061]\]. Most real-world care tasks cannot be completed following the idealized conditions that are portrayed in training sessions \[[@ref044]\]. Caregivers are often left to come up with their own approaches in the field, which may undervalue the importance of minimizing the risk of injury in favour of other factors. These challenges may explain why 39% of Ontario personal support workers said they lacked the training they needed to perform care tasks they were assigned \[[@ref062]\].

It is important to note that some researchers would argue there is an alternative hypothesis to explain why current training interventions have been ineffective: Spine flexion does not lead to negative outcomes for those without a history of back pain/injury \[[@ref054]\]. Some call for an end to movement-based training that targets reductions in spine flexion \[[@ref055]\]. They argue that back pain and bulging discs are a natural part of aging \[[@ref057]\] and unavoidable. There is a particular focus on pointing out that we should not be limiting spine flexion in pain free individuals \[[@ref055]\].

While this is a reasonable hypothesis that needs further testing, we believe that the existing epidemiological and biomechanical evidence \[[@ref039]\] also points to an equally reasonable hypothesis: reducing flexion can indeed reduce the risk of back pain/injury but existing training methods are not able to shift workers to reduce spine flexion long-term \[[@ref061]\]. For instance, one study on musculoskeletal injuries in hospitals found that behaviour modification was difficult to achieve and, even if it was achieved, new behaviors were often short lived \[[@ref044]\]. We argue that before we can expect to see a change in pain/ injury risk for caregivers, we need to see a change in behaviour demonstrating a given training program resulted in motor learning.

The training program evaluated in this study consisted of two components: i) a training video designed to provide caregivers basic back injury prevention knowledge and ii) real-time feedback from PostureCoach to support motor learning resulting in reduced lumbar spine flexion.

1.2. Augmented feedback in training {#sec0015}
-----------------------------------

The use of augmented feedback is a powerful approach for achieving behaviour change. There is a rich body of research on the use of this approach in the field of motor learning often for applications involving coaching of athletes. We argue caregivers should be treated more like "occupational athletes" to help highlight the importance of applying carefully practiced techniques and movements on-the-job to protect against injury \[[@ref063]\]. However, since it is impractical to provide each caregiver a coach to work with in the field, we consider whether a wearable device may be able to provide some augmented feedback (coaching) that would help shift workers to safer patterns of movement.

Systems for delivering movement-centred feedback typically include: (1) sensors to measure movement or posture; (2) a computer or microcontroller to process the signal; and (3) and some method to communicate feedback to the user \[[@ref064]\]. Examples of movement-centred feedback uses include: correcting slouching behavior \[[@ref065]\], adolescent scoliosis therapy \[[@ref066]\], reducing warehouse working injury rates \[[@ref067]\], Parkinson's disease therapy \[[@ref068]\], non-specific chronic low back pain therapy \[[@ref069]\] and a video game designed to improve lifting technique \[[@ref070]\]. Sensors used in these systems include mechanical switches \[[@ref065]\], electromagnetic trackers \[[@ref067]\], strain gauges \[[@ref071]\], and accelerometers \[[@ref072]\]. Feedback is provided with either auditory \[[@ref065]\] or vibrotactile actuators \[[@ref069]\]. To ensure improvement in performance, the timeliness of feedback has been shown to be an important factor to consider, with real-time feedback demonstrating the best performance \[[@ref073]\].

We have developed *PostureCoach*, a wearable device for providing real-time feedback based on lumbar spine flexion. This study aims to evaluate the effectiveness of a training program, consisting of a short training video as well as training sessions with *PostureCoach*, for novice caregivers performing simulated care tasks. We hypothesized that participants exposed to our training program would reduce their end-range (80th and 95th percentile) lumbar spine flexion.

2. Materials and methods {#sec0020}
========================

2.1. Participants {#sec0025}
-----------------

Twenty healthy adults with no formal training in caregiving or patient handling were recruited for this study ([Table 1](#wor-66-wor203149-t001){ref-type="table"}). We chose this population for this initial study with our training program because we are likely to see the greatest effect with novices based on our own work \[[@ref074]\] as well as the motor learning literature \[[@ref075]\]. For instance, it is likely we need to rely on different strategies when helping experienced caregivers unlearn bad motor habits. Our participants were individuals who may need to take on the role of providing care for friends or family members as novice unpaid caregivers.

###### 

Demographic information of the participants recruited for this study. Mean±SD values are reported, where applicable

                 Control (*n* = 10)   Intervention (*n* = 10)
  ------------- -------------------- -------------------------
  Age (years)         24.7±2.7               28.1±6.4
  Sex             6 female; 4 male       4 female; 6 male
  Height (cm)        172.1±8.3               171.6±7.2
  Mass (kg)          62.8±10.2               71.3±16.3

Participants were randomly assigned to the experimental group (*n* = 10) or control group (*n* = 10). Participants were recruited from the Toronto Rehabilitation Institute and University of Toronto communities. All participants were over the age of 18, and could speak and understand English. They had no history of back pain in the last six months and had no musculoskeletal issues related to the spine. The study protocol was approved by the University Health Network Research Ethics Board prior to the start of this study.

2.2. Setting and instrumentation {#sec0030}
--------------------------------

The setting for this study was a simulated home environment (HomeLab at Toronto Rehabilitation Institute), which consisted of a furnished bedroom, living room, bathroom and kitchen. This space resembled a typical single-story house with functioning wiring and plumbing ([Fig. 1](#wor-66-wor203149-g001){ref-type="fig"}). A member of research team (24-year-old female, 179 cm in height and 83 kg in mass) performed the role of patient actor in all trials. The patient actor was instructed to play the role of a frail older adult who was able to partially bear weight when standing, but was unsteady because of poor balance control. A wheelchair (NRG+, Maple Leaf Wheelchair Mfg Inc., Mississauga, ON) with adjustable armrests, push brakes and swing out standard footrests was used in this study.

![Setup of HomeLab for this study.](wor-66-wor203149-g001){#wor-66-wor203149-g001}

All participants were asked to don *PostureCoach* and remain wearing the device for the duration of all trials. PostureCoach consisted of a pair of MTi-3 (Xsens Technologies, Enschede, Netherlands) inertial measurement units (IMUs). As shown in [Fig. 2](#wor-66-wor203149-g002){ref-type="fig"}, the upper sensor was positioned near T10 using adjustable straps and the lower one was positioned near the sacrum, secured with a sacroiliac belt (Serola Biomechanics, Inc., Loves Park, IL). An M3 32-bit microcontroller was used for reading the sensors' output and for determining their relative orientations of the upper and lower IMUs. The relative angle between the two sensors was decomposed based on the orientation of lower sensor. Finally, the angle between the two sensors in the sagittal plane was used to represent the amount of lumbar spine flexion.

![Setup of PostureCoach.](wor-66-wor203149-g002){#wor-66-wor203149-g002}

The system provided audible feedback to be delivered when the spine flexion angle exceeded a predefined threshold. The output of both sensors was recorded on a memory card. A validation study with this system showed that it was able to track sagittal lumbar spine flexion with RMS error of 2.3° and *r* = 0.986 (Pearson correlation coefficient) when compared to a Vicon motion capture system \[[@ref078]\].

For all participants, maximum forward flexion was measured using a toe-touch activity. In the intervention trials, *PostureCoach* produced a continuous audible tone based on the spine flexion threshold angle equal to 70% of each participant's maximum forward lumbar flexion angle (70% max). The threshold of 70% was chosen because it is known that beyond this value extensor moments produced by tissues proximal to the spine begin to increase exponentially \[[@ref079]\]. A second threshold was set to the lumbar spine flexion angle equal to 20° less than the 70% max value, which was used to provide intermittent tones that increased in frequency, up to the 70% max threshold, at which point the sound became a continuous tone. The intermittent tones were added after pilot testing with PostureCoach showed that the sudden onset of the continuous tone at the 70% of maximum flexion threshold had the potential to startle some participants.

2.3. Procedure {#sec0035}
--------------

A member of research team was present to guide participants through each data collection trial shown in [Fig. 3](#wor-66-wor203149-g003){ref-type="fig"}. The study consisted of two one-hour long sessions on consecutive days. Participants performed the same set of care tasks four times on each day.

![Schematic of the updated protocol used in this study.](wor-66-wor203149-g003){#wor-66-wor203149-g003}

### 2.3.1. Session one {#sec0040}

After obtaining written consent, a member of the research team walked each participant through a typical series of caregiving tasks and addressed any questions or concerns. Following this introduction, participants were asked to don *PostureCoach* and bend over and touch their toes to record each person's maximum spine flexion angle followed by the series of care tasks with the patient actor (*Trial 1*). This value was used to set the auditory feedback threshold (70% of max flexion), as well for normalizing all lumbar spine flexion data recorded by PostureCoach to account for differences in sensor placement between the two testing sessions. This max flexion value was also recorded at a number of times during each session to correct for shifting of either sensor during the sessions.

Next, participants in the intervention group watched a training video with information about safe patient handling strategies including information about why it is important to avoid lumbar spine flexion and how this can be achieved with the hip hinge technique. This training video (youtu.be/vtDGheJlfh4) was developed in collaboration with Occupational Health & Wellness team of SE Health. The points discussed in the video were adapted from existing literature \[[@ref043]\]. Control participants did not watch the training video. Next, participants were asked to repeat the set of simulated care tasks again (*Trial 2*). Feedback was disabled from PostureCoach during *Trial 1* and *Trial 2*.

Intervention group participants were then asked to perform the caregiving tasks twice more (*Trial 3* and *Trial 4*), with PostureCoach's real-time feedback enabled (the control group still had feedback disabled).

### 2.3.2. Session two {#sec0045}

On the following day, participants again performed the same simulated care activities without feedback, to measure baseline performance during this session (*Trial 5*). Afterwards participants repeated the care activities again two more times (*Trial 6* and *Trial 7*), but with feedback turned on for the intervention group and feedback turned off for those in the control group. After a short break, they again performed the care tasks (*Trial 8*), without feedback in both groups, in order to determine whether the use of PostureCoach resulted in a short-term behavior change.

2.4. Caregiving tasks {#sec0050}
---------------------

In each trial, the participants were asked to complete the following series of simulated care activities, with the patient actor with a counterbalanced order:•Wheeling the wheelchair from the living room to the bedroom•Transferring the patient from the bed to the wheelchair•Wheeling the patient to the living room and placing the wheelchair near the couch•Transferring the patient to the couch•Transferring the patient from the couch to the wheelchair•Wheeling the patient from the living room to the bathroom•Helping the patient to stand, doff his/her pants, and sit on the toilet•Helping the patient to stand, don his/her pants, and sit on the wheelchair•Wheeling the patient back to the bedroom and preparing the bed•Transferring the patient from the wheelchair to the bed•Moving the wheelchair back to the living room

Participants were asked to make sure that the brakes were engaged and the footrests were out of the way during all patient transfer activities.

2.5. Data analysis {#sec0055}
------------------

The spine flexion angle data was normalized by calculating the median of all the max flexion values recorded over the eight trials. This allowed for expressing each participant's data as a percentage of max flexion. This normalization helped to eliminate differences due to variations in sensor placement, as well as account for differences between participants' height and flexibility.

Next, the data was trimmed by removing the max flexion measurements and the remaining data was used to create histograms of lumbar spine flexion angles for each trial. The 50th, 80th and 95th percentiles of spine flexion were also calculated.

A mixed design analysis of variance (ANOVA) with one between-subject variable (control or intervention groups) and one within-subject variable of trial number (*Trial 1*, *Trial 2*, *Trial 5*, *Trial 8*) was used to investigate the differences between groups. Note, the chosen trials did not have feedback provided for participants in either group.

Bonferroni *post-hoc* tests were used to investigate differences in the 50th, 80th and 95th percentiles of spine flexion between *Trial 1* and *Trial 2* (*video effect*) as well as between *Trial 1* and *Trial 8* (*program effect*) in intervention group. Independent *t*-tests were used for comparing measures of distribution (percentiles) between groups, in *Trial 1* and *Trial 8*.

3. Results {#sec0060}
==========

[Figure 4](#wor-66-wor203149-g004){ref-type="fig"} shows the histogram of the percent of maximum lumbar spine flexion angle for all participants in the intervention group for *Trials 1* and *8*. [Figure 5](#wor-66-wor203149-g005){ref-type="fig"} shows the same histogram for all participants in the control group. Recall none of the participants in either group received feedback from PostureCoach in these trials.

![Average histogram of forward spine flexion angles (in degrees) in intervention group for Trial 1, and Trial 8.](wor-66-wor203149-g004){#wor-66-wor203149-g004}

![Average histogram of forward spine flexion angles (in degrees) in control group for Trial 1, and Trial 8.](wor-66-wor203149-g005){#wor-66-wor203149-g005}

The 50th, 80th and 95th percentile values of spine flexion for control and intervention group are shown in [Fig. 6](#wor-66-wor203149-g006){ref-type="fig"}.

![50th, 80th and 95th percentile of forward flexion/maximum flexion across trials in intervention and control groups. Error bars show standard error.](wor-66-wor203149-g006){#wor-66-wor203149-g006}

Mauchly's test of sphericity showed no violations of sphericity in any of the measures (percentiles) for the mixed ANOVA. There was a significant main effect of trial number across all three measures, with *F* = (3,54) = 9.179, *p* \< 0.0005,$\eta_{p}^{2} = 0.365$, *F* = (3,54) = 10,232, *p* \< 0.0005,$\eta_{p}^{2} = 0.390$, and *F* = (3,54) = 10.082, *p* \< 0.005,$\eta_{p}^{2} = 0.387$ for 50th, 80th and 95th percentile, respectively.

Moreover, there was also an interaction effect between trial and group for 80th and 95th percentile of forward flexion, with *F* = (3,54) = 9.348, *p* \< 0.0005, $\eta_{p}^{2} = 0.369$, and *F* = (3,54) = 11.779, *p* \< 0.0005, $\eta_{p}^{2} = 0.424$ respectively.

*Post-hoc* tests (Bonferroni) revealed that while there were no significant differences in the 50th or 80th percentile of forward flexion values between trials 1 and 2 for individuals in the intervention group, there was a significant difference in the 95th percentile value of flexion (*p* = 0.05), shown in [Fig. 7](#wor-66-wor203149-g007){ref-type="fig"}. *Post-hoc* tests also revealed that the 80th and 95th percentile forward flexion values in *Trial 1* were significantly higher than *Trial 8* in the intervention group (*p* = 0.24 and *p* = 0.002, respectively), while there were no significant differences for the control group ([Fig. 8](#wor-66-wor203149-g008){ref-type="fig"}).

![Video effect among individuals in intervention group. Error bars show standard error.](wor-66-wor203149-g007){#wor-66-wor203149-g007}

![Changes in 50th, 80th and 95th percentile lumbar spine flexion values between Trial 1 and Trial 8 for the intervention and control groups. Error bars show standard error.](wor-66-wor203149-g008){#wor-66-wor203149-g008}

4. Discussion {#sec0065}
=============

The histogram shown in [Fig. 4](#wor-66-wor203149-g004){ref-type="fig"} demonstrates that participants in the intervention group shifted to using safer postures over the two-day training period. We can see the histogram shifts to the left as participants spend less time in end-range spine flexion if we compare *Trial 1* to *Trial 8*. This demonstrates that participants in the intervention group changed their behaviour and spent less time in end-range spine flexion as a result of the training program. We can also see that there is little difference between the histograms comparing *Trial 1* and *Trial 8* for the control group in [Fig. 5](#wor-66-wor203149-g005){ref-type="fig"}.

[Figure 8](#wor-66-wor203149-g008){ref-type="fig"} shows that the median value (50th percentile) of forward flexion remained statistically unchanged in both groups between *Trial 1* and *Trial 8*. However, the 80th and 95th percentile flexion values decreased in the intervention group, but not in the control group. The 80th and 95th percentile flexion values in the intervention group were reduced by 36% and 29%, respectively.

Finally, our training video had a small statistically significant effect on the 95th percentile forward flexion values (8% reduction) among participants in the intervention group, while 50th and 80th percentile values remained the same between *Trial 1* and *Trial 2.*

These findings suggest that both the video and real-time feedback from PostureCoach may be valuable to include in back injury prevention training programs for caregivers. Future work will evaluate the long-term retention of changes in behaviour and the potential for this training to be used in the field with real caregivers as they deliver care \[[@ref080]\]. The ultimate goal is to determine whether this approach can also reduce injury rates.

Finally, there were four limitations with this study that may have had an impact on the findings or the potential for the findings to be applied elsewhere:•The participant population was made up of individuals who were likely to have more knowledge about back injury prevention than a true novice caregiver.•HomeLab is an idealized environment and most homes are not as clutter-free and accessible.•The patient actor in the study was cooperative, which does not induce any psychological or emotional stressors that could have effected motor learning.•The belt (attached to the lower sensor) would shift on occasion during data-collection sessions. The study coordinator would readjust the belt when this happened but it is likely the lower sensor was not in optimal position for short periods.

5. Conclusion {#sec0070}
=============

In this study, we investigated the effectiveness of a back injury prevention training program including a video and real-time feedback from PostureCoach to reduce end-range spine flexion for novice caregivers. We found that the training program was able to reduce 80th and 95th percentile spine flexion values by 36% and 29%, respectively while performing a series of simulated care activities after a two-day training period. Therefore, this training program has the potential to help caregivers who perform patient care tasks in the home environment.
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